Grain amaranth is a promising crop because of its wide adaptation, nutritional importance and multiple uses. Forty eight grain amaranth accessions were evaluated in augmented block design along with 4 checks for 10 quantitative traits in two growing seasons and the grain samples of 52 along with three additional checks were analyzed for nutritional parameters. Analysis of variance for morphological traits resulted in significant differences among treatments for both the years. Adjusted mean values of quantitative traits for each year and mean values of nutritional traits were used for correlation and multivariate analysis. There were 24 and 16 positive significant associations in the years 2013 and 2014, respectively among various grain yield components. Grain yield per plant was significantly positively associated with plant height (0.459, 0.574), leaf length (0.615, 0.321), and petiole length (0.726, 0.381) during both the years. HCA of morphological data showed that national check variety Durga occupied a separate cluster as a singleton in 2014andin 2013, where IC 42346-6 was also in the same cluster. The protein, TPP, DPPH and TEAC content of amaranth accessions varied from 8.99±0.31 to 15.26±0.30%, 2.44±0.08to 4.86±0.13 mg GAE/gDW,4.72 to 8.47 uMTE/gDWand 15.21 to 33.63 mg GAE/gDW, respectively. Wide range of variation was also observed for iron (66.67-83.19 ppm) and zinc content (28.47-42.98 ppm). Correlation among nutritional traits revealed highly significant positive association of TPP with DPPH and TAA. PCA analysis of nutritional traits revealed that PC1 distinguished those accessions that had high values for TPP, DPPH and TAA, whereas PC2 distinguished accessions with high protein and zinc content. Scatter plot of PCA1 and PCA2 showed overlapping of Indian Himalayan accessions with Russian origin accessions. Results of cluster analysis were similar to that of PCA for nutritional traits. It was observed that high yielding check varieties of amaranth were low in protein, TPP, DPPH, TEAC, iron and zinc content in comparison to the accessions with high values for both the traits. The accessions identified for nutritional traits could be used in breeding programme for the improvement of nutritional traits in adapted varieties.
Introduction
Amaranthus L. is a genus of Amaranthaceae family with around 70 different species distributed worldwide including pigweeds, water hemps and grain amaranths (Sauer, 1967) . There are two types of Amaranth species, grain type (A.caudatus, A. cruentus and A. hypochondriacus) and vegetable type (A.dubius ,A.tricolor and A.cruentus) . Grain Amaranth species are of new world origin, A. caudatus from Andean Peru and Ecuador, A. cruentus and A. hypochondriacus from Mexico and Central America (Sauer, 1950; Drzewiecki, 2001 ). This has been classified under the group of crops called pseudocereals, which have unique qualities and nutritional importance. Nowadays, the grain amaranths are cultivated from the temperate to tropical zone. It displays wide morphological diversity and has high stress tolerance. The superior nutrition, drought tolerance, disease and pest resistance, high yield in production, and increasing rate of consumption have made this crop more attractive for cultivation. The crop is known for its excellent nutritional value. Compared with other crops, this pseudocereal is rich in protein (17-19% of dry weight) with double the amount of essential amino acids than wheat grain protein (Becker et al., 1981; Bressani et al., 1987a) .
Despite being a self-pollinated crop, varying amounts of outcrossing and frequent inter-specific and intervarietal hybridization have brought wide variation in amaranth genotypes. However, selection is the major breeding methodology followed in Amaranth improvement in India. Although inter-varietal crosses have been found to be successful, little progress has been made due to minute flowers which are difficult to emasculate and un-availability of precise crossing technique. Thus, germplasm collection, conservation and evaluation are being regularly practiced in this crop for identification of new potential genotypes. Most of the germplasm evaluation attempts have focussed on agro-morphological data particularly of one year without nutritional quality information. Therefore, in view of the present increased consciousness among people about the nutritional quality of amaranths there was a need to characterize the available accessions for nutritional quality vis a vis for quantitative traits. Thus, 48 accessions along with four checks were evaluated for two consecutive seasons and for important agro-morphological as well as nutritional parameters.
Material and Methods
A set of 48 accessions representing Indian as well as exotic collections (received from ICAR-NBPGR, New Delhi) along with four check varieties namely Durga, Annapurna, PRA2 and PRA3 were evaluated for agronomic characters. For nutritional analysis, three more samples including one local check variety VL Chua44 were also analyzed. In our study, all of the accessions were of A. hypochondriachus species except one exotic accession of A. edulis. The crop was raised from June to October in 2013 and 2014 at the experimental farm of the ICAR-Vivekananda Institute of Hill Agriculture (79°39"E latitude and 25°35"N longitude, 1250 m above msl). A single row of each accession was planted in an augmented design in both the years. The row length was 3 m with row to row spacing of 50 cm. Thinning was practiced within a month of sowing to maintain plant to plant spacing of 15 cm within the rows.
The crop received fertilizer 60:40:20 (N: P: K) Kg/ha, where the entire amount of phosphorous and potassium and half of the nitrogen was applied as basal dose during field preparation. The remainder half of the nitrogen was applied as top dressing after 45 days of sowing after second weeding. Earthing up was done 40 days after sowing when the plants attained 15-20cm height.
Data were recorded on 10 quantitative traits. Five individual plants of each accessions were used for recording the data, except for days to flowering and days to maturity, which were recorded on a plot basis. Grain yield was also recorded on plot basis. However, for grain yield per plant. the plot yield was divided by the number of plants.
The protein content was estimated by Bradford method (Bradford, 1976) .Seed samples were oven dried to a moisture content of 10-12 per cent were used for extraction. Each sample (1.00 g) was extracted by stirring in20 mL 80% methanol at 25 °C, 150 rpm for 12 h and filtered through What man filter paper No. 1. The extraction was repeated again as described earlier. The extracts were mixed, filtrated and diluted upto 50 mL with methanol and double distilled water separately. The extract solutions were stored in amber bottles at 4°C, which served as the working solution (20 mg/mL) for determination of total phenolics and antioxidant activity.
Total
polyphenol was estimated by a spectrophotometric assay, as described by Singleton and Rossi (1965) with minor modifications. Briefly, 1.0 mL of extract (10 mg/mL) was taken and 1 mL of Folin and Ciocalteu"s phenol reagent was added into it. After 3 min, 1.0 mL of 20 % Na 2 CO 3 solution was added to the reaction and the final volume of the reaction was adjusted to 10 mL with distilled water. The reaction tubes were kept in the dark for 90 min and then the absorbance was taken by spectrophotometer at 725 nm. Gallic acid was used to calculate the standard curve (1-80μg/mL). The results were mean values ± standard deviations and expressed as mg of gallic acid equivalent (GAE)/g DW.
Radical scavenging activity(RSA) on 2, 2-diphenyl-1-picrylhydrazyl (DPPH) was determined by spectrophotometric method as described by BrandWilliams et al. (1995) . The stock solution containing 24 mg of DPPH in 100 mL of methanol was prepared and stored at -20 0 C and the working solution was prepared by mixing 10 mL stock solution with 45 mL methanol to get an absorbance of 1.17 ± 0.02 units at 515 nm. Amaranth seed extract (150 µL) was allowed to react with 2850 µL of DPPH working solution for 24 h in the dark and absorbance was read at 515 nm. A standard curve of trolox (10-100 μM) was prepared and radical scavenging activity on DPPH was expressed as μM trolox equivalent.
The total antioxidant activity (TAA) of extracts was estimated using the phosphomolybdenum method (Prieto, et al., 1999) based on the reduction of Mo (VI) to Mo (V) by the sample analyte and subsequent formation of specific green phosphate /Mo (V) compounds. A 0.3 ml aliquot of extract solution combined with 2.7 ml of the reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate) was capped and incubated in a boiling water bath at 95°C for 90 min. Samples were allowed to cool at room temperature and absorbance was measured at 695 nm. For the blank, 0.3 ml methanol was mixed with 2.7 ml of the reagent. A standard curve of gallic acid (10-100µg) was prepared and total antioxidant activity was expressed as mg gallic acid equivalent per gram dry weight.
The oven-dried samples were ground to pass through a 0.2 mm sieve. For estimation of zinc and iron,0.5 g sieved samples were digested with a mixture of nitric acid and perchloric acid in the ratio of 10:4 (v/v) (10 ml) on hot plates. After complete digestion, samples were cooled at room temperature and appropriately diluted. Total zinc and iron were analyzed by atomic absorption spectrometry (AAS vario 6, Analytik Jena).
The agro-morphological data of each year was analyzed in augmented block design separately to work out the adjusted mean values. The adjusted mean values of all the agro-morphological traits were used for correlation analysis, factor analysis and hierarchical cluster analysis. Similarly, the mean values of nutritional parameters were also used for similar analysis. Nutritional parameters were recorded for the grain samples of year 2014 only. ANOVA for augmented design was done using SAS in ICAR-IASRI server. SPSS (SPSS version 20, SPSS Inc., Chicago, IL, USA) was used for correlation analysis, whereas, DAR win 6.0 was used for factor and hierarchical clustering of morphological data. JMP 9.0 was used for PCA and hierarchical cluster analysis of nutritional data.
Results and Discussion
Morphological characterization is important for identification of accessions with desirable traits to be employed directly as cultivars or trait donors for use in crop improvement programmes. Analysis of variance for morphological traits resulted in significant differences among the treatments for both the years, suggesting that sufficient variability is present in the germplasm for exploitation in crop improvement. The accessions with a wide range of variation for agronomic characters had the potential to be determined as the superior genotypes for different environments. The mean values and range of variation of different traits is given in Table 1 . Wide variability for morphological traits have been observed in amaranth by Akin-Idowu et al. (2016) earlier also. Height of plants and length of inflorescence have been found to be useful traits for grain yield and mechanical harvesting (Janovska et al., 2012) . Taller genotypes are useful to develop varieties for feed, and/or as barrier crops growing around fields. While shorter genotypes can be used as a source to develop varieties adapted to high density production or windy environments.
There were 24 and 16 positive significant associations in the years 2013 and 2014, respectively among various yield components. Grain yield per plant was significantly positively associated with plant height(0.459, 0.574), leaf length(0.615, 0.321), and petiole length(0.726, 0.381) during both the years. In addition, leaf width (0.633), inflorescence length(0.311) in 2013 and days to flowering(0.404) in 2014 also showed significant positive association with grain yield per plant. Days to flowering and days to maturity were significantly positively associated with each other during both the years. Only one significant negative association was observed between days to flowering and inflorescence length (-0.287) in the year 2014 (Table  2) .Akin-Idowu et al. (2016) also observed significant positive correlation of grain yield with leaf length, leaf width and plant height. These results indicated that grain yield in amaranth can be improved upon by improving the petiole length, leaf length, plant height, inflorescence length, leaf width and days to flowering. It may be inferred that these traits represent higher biomass which provides more photosynthetic area and in turn results in higher grain yield.
Hierarchical cluster analysis of morphological data showed two major clusters of accessions based on phenotypic data observed on different accessions for two years. The separation was very clear and the check variety Durga was a single genotype cluster in 2014 while in 2013, IC 42346-6 was included in the same cluster as Durga (Fig. 1) .It is evident from the morphological data that separation of genotypes was mainly based on grain yield and its component traits. Durga was the leading genotype in terms of grain yield and its component traits during both the years and its yield levels were much higher than the other checks as well as accessions and therefore, it appeared as a separate cluster in the analysis. None of the accessions were better than Durga for grain yield as well as its components and currently there is no replacement available for Durga. Therefore, Durga should be included as one of the parents in breeding programme of amaranth in North Western Hills of India.
Amaranth is known for its nutritional value especially quality protein with balanced amino acid profile. Breeding for nutritional quality wherein the future varieties itself will have higher nutrient content is the best strategy to deliver it to masses particularly in the areas which are malnutrition affected. To breed nutritionally rich varieties, identification of specific nutrient rich donors are required for the development of potential genotypes for use in pharmaceutical or food industry. The foundation of this work requires nutritional profiling of germplasm sets for all major parameters of importance. The results of nutritional evaluation for major traits are presented below.
Amaranth seeds as a good source for high-quality proteins are a valuable raw material for the preparation of protein concentrates (APCs (Bressani et al., 1987b) , a 13 to 21% variation was observed in wild and cultivated forms of amaranth. Among the miscellaneous foods analyzed, A. paniculatus grainshad a protein content of 22.0 g/100 g (Rajyalakshmi and Geervani, 1994) .A. molerosa grains were studied in biochemical experiments with various cultivars of 12 cereal species, one buckwheat and one amaranth, and it was determined that amaranth had 15.4% protein of a favourable amino acid composition with the highest content of Met., Lys., and Arg..Among four varieties of A. hypochondriacus (Tulyehualco, Nutrisol, DGETA and Gabriela) grown in the Mexican Highlands zone, Gabriela contained the highest protein content (17.3%), but all varieties had an adequate balance of essential amino acids (Barba de la Rosa et al., 2009) . Similarly, the analysis of 48 A. hypochondriacus and 11 A. caudatus lines revealed that A. caudatus lines had higher protein content than A. hypochondriacus lines (Kaur et al., 2010) . Eight groups of A. cruentus and A. hypochondriacus grain samples grown in Hungary and Austria were studied and it was found that a difference between the lowest (14.23%) and highest (17.40%) protein content was relatively large andwe too observed large variation suggesting that breeding might be a potential means for increasing the protein content of new varieties of Amaranths (Tomoskozi et al., 2009 ).
The content of phenolic compounds could be used as an important indicator of antioxidant capacity. It has been reported that the antioxidant activity of plant materials is well correlated with the content of their phenolic compounds (Pan et al., 2008 (Table 3) . Among the checks Annapurna had highest radical scavenging and antioxidant activity. High yielding best check variety Durga had intermediate values for DPPH and TAA. Such differences in TAA activity among different accessions could be due to inherent levels of compounds responsible for variation in TAA activity.Several studies have shown that amaranth seed or oil may benefit those with hypertension and cardiovascular disease, regular consumption reduces blood pressure and cholesterol levels, while improving antioxidant status and some immune parameters (Castelano-Sousa and AmayaFarfán, 2012).The range obtained for TAA was higher in Amaranth accessions in comparison to major cereal grains (Asao and Watanabe, 2010) . It has been observed that all pseudo-cereals have stronger radical scavenging ability than cereals, quinoa being the highest followed by amaranth (Asao and Watanabe, 2010) .This indicates that amaranth is a potential source for antioxidants among grains.
Iron and zinc are two important mineral elements supposed to be very important for nutritional security (Goudia and Tom Hash, 2015) . Major population in India is aneamic and has zinc deficiency too. This is also known as hidden hunger. Amaranth grains are an important source of iron and zinc. In general, the major cereals (rice, wheat and maize) are deficient in iron. Amaranth accessions evaluated in the present study showed a range of variation from 66.67 ppm in IC 94656to 83.19 in IC 82625 for iron content and 28.47 ppm in IC 95339 to 42.98 ppm in the check variety PRA 3 for zinc content (Table 3) . In general, all the accessions recorded high iron and zinc content in them. All the high yielding varieties i.e. Durga and VL Chua 44, Annapurna, PRA2 and PRA 3 recorded high iron and zinc content in comparison to all the accessions included in the study. This indicates that amaranth varieties have been unknowingly selected for high iron and zinc content. Higher range for iron content (72-174 ppm) has been observed earlier by Becker et al. (1981) . However, the zinc content observed by Becker et al. (1981) was found to be in lower range in comparison to our study.
Correlation among nutritional traits revealed highly significant positive association of total phenols with DPPH and TAA. DPPH and TAA were also significantly positively associated with each other. None of the other nutritional traits was correlated with each other, neither they showed any significant positive or negative association with any other traits. The results indicate that DPPH, TAA and TPP which are correlated with each other, can be improved by targeting any one of these traits. Whereas, Fe, Zn and protein content are independent of each other as well as the other traits and require independent approach for their improvement. It was also observed that since there was no negative correlation between these traits, improvement in one trait will not influence the other traits. A strong positive correlation between iron and zinc has been reported by Burger et al. (2014) . High correlation between Zn and Fe have been reported in pearl millet (Velu et al., 2007; Govindaraj et al., 2009; Bashir et al., 2014) and wheat (Gomez-Becerra et al., 2010a; Velu et al., 2012; Zhang et al., 2010) . A strong correlation between total polyphenols content and antioxidant activity was observed (TPP vs. TAA, r = 0.703: TPP vs. DPPH, r = 0.771) and these findings indicate that total polyphenols content is a good predictor of in vitro antioxidant activity (Table 4) . Total polyphenols content and antioxidant activity studied in amaranth grains indicated that total polyphenols content increases antioxidant activity in grains and there is a linear correlation between total phenols content and antioxidant activity (Gorinstein et al., 2007; Zielinski and Kozłowska, 2000) .
Interrelationships among the different nutritional parameters were studied using principal component analysis (PCA). The first three PCA components provided a reasonable summary of the data and explained 77.6 % of the total variation (Table 5 ).The first principal component (PC1), was the most important, and explained 40 % of the total variance. PC1 was attributed to TPP, DPPH and TAA for largest positive loadings. As a result the first PC differentiated the accessions mainly associated with the contribution of high values for TPP, DPPH and TAA. The second PC explained an additional 19.6 per cent of the total variance and was attributed to positive loadings of protein and zinc content. The third component basically identified the accessions with high values for Fe content.
Similar observations were found in the PC1 and PC2 biplot where TPP, DPPH and TAA were on the one side of the plot whereas protein and zinc content were almost in right angle to them. Iron content was in obtuse angle to TPP, DPPH and TAA (Fig. 2) . This indicates that the traits TPP, DPPH and TAA are highly correlated to each other, protein and zinc too had high correlation however, iron content was negatively correlated to TPP, DPPH and TAA. There was no clear cut separation of accessions based on nutritional traits data in PC1-PC2 biplot. However, two groups were observed in the biplot. One group of accessions was better for TPP, DPPH and TAA whereas, the second group was better for protein, zinc and iron content. The red dots in the biplot shows the five check varieties already in cultivation in India. All these check varieties were good for protein iron and zinc content with lower values of TAA, DPPH and TAA. Blue dots indicate the exotic lines of Russia which were again at par with the checks for nutritional trait values. IC 95315 was one of the outliers in the biplot which showed minimal values for TPP, DPPH and TAA but has good protein, iron and zinc content.
Principal component analysis (PCA) is a way of identifying patterns in data, and expressing the data in such a way as to emphasize their similarities and differences. It compresses the data, that is, by reducing the number of dimensions without much loss of information based on their similarities and differences, and define a limited "principal DOI:10.5958/0975-928X.2018.00184.9 components" which describe independent variation structures in the data. When more than three variables have been measured, visualization of the data by various plotting systems is then possible (KamalEldin and Andersson, 1997) . Therefore, PCA indicates relationships among groups of variables in a data set and show relationships that might exist between objects. Principal component analysis revealed that PC1 distinguished those accessions that had high values for TPP, DPPH and TAA. Similarly PC2 distinguished accessions with high protein and zinc content. Scatter plot of PCA1 and PCA2 showed overlapping of Indian Himalayan accessions with Russian origin accessions. A possible explanation for the same could be similar geographical conditions of Indian Himalayan region to that of Russia.
Cluster analysis of accessions for nutritional data showed two major clusters. First cluster contained 41 accessions including check varieties as well as four exotic accessions also. First cluster was subdivided into four sub-clusters based on trait values. Second major cluster contained 14 accessions of Indian origin including one check variety Annapurna. This cluster was further subdivided into two clusters (Fig.  3) . The first cluster was mainly characterized by lower values of TPP, DPPH and TAA whereas the accessions in the second cluster had higher values of all the nutritional traits. Thus the accessions from the second cluster could be utilized in breeding programme for improvement of nutritional traits in Amaranth particularly antioxidant activity and mineral elements.
The results on the present set of amaranth accessions indicate that during breeding of improved genotypes, emphasis has been given mainly on grain yield and its components only while giving less emphasis on quality traits. The evaluation of these 55 accessions including check varieties identified putative donors for nutritional quality traits could be involved in breeding for nutritional quality high yielding genotypes/ varieties of amaranth for future cultivation. 0.093 *-Significant at P < 0.05; **-Significant at P < 0.01 (1-tailed test) The upper and lower diagonal shows correlations for the year 2013 and 2014, respectively 
